The presence and levels of trans-and cw-ribosylzeatin, trans-and ds-zeatin, A^-isopentenyladenosine, and 6-(3-methyl-2-butenylamino)-9-j8-D-glucopyranosylpurine were determined in the root, and the stem and leaf of young sweet-potato plants by mass spectrometry using deuterium-labeled standards. The 6-(3-methyl-2-butenylamino)-9-jS-D-glucopyranosylpurine level was found to be the highest in both the root, and the stem and leaf. fra«s-Ribosylzeatin was present at a high level in the root. The ratio of the trans-and ds-isomers of zeatin in the root, and in the stem and leaf were determined to be 10 and 2.4, respectively. The variation in the transIds ratios of both zeatin and ribosylzeatin mayreflect the growth stage of the organ in the plant.
In previous papers, we reported the identification of cis-and trans-RZl^\ and iPG4) by means of an Amaranthus betacyanin bioassay and mass spectrometry. Z and iPA, which are important naturally occurring cytokinins, in addition to RZ and iPG in sweet-potato plants, have nowbeen quantitated by mass spectrometry5} using deuterium-labeled standards in order to study the correlation between the levels of endogeneous cytokinins and the growth and tuberization of the plant. We report here the presence and the levels ofZ, RZ, iPA, and iPG in the root, and also in the stem and leaf of the young plants. MATERIALS 
AND METHODS
Plant. Sweet-potato plant (Ipomoea batatas L. cv.
Kohkei No. 14) was cultured at our university farm for 40 days. The root, and the stem and leafofthe young plants were used in this study.
Deuterium-labeled internal standards. The preparation of iPA-d6 has already been reported.5} Z-d5, RZ-d5, and iPG-d6 were synthesized by the procedures reported earlier. 4'6'7) Z-d5 : [6-(4- mixture of 2N-ammonium hydroxide (100ml) and 99% ethanol (100 ml). The ammoniaeluate was evaporated to a syrup and dissolved in methanol, the methanol solution then being placed on a PVP column (30cm x2.5cm, id.)
and eluted with methanol.9) The methanol eluate was Abbreviations: Z, zeatin; RZ, ribosylzeatin; iPA, 7V6-isopentenyladenosine; iPG, 6-(3-methyl-2-butenylamino)-9-/?-D-glucopyranosylpurine. evaporated to a small volume and further purified by TLC (20cm x 20cm, thickness 2mm, GF254, Merck). This procedure was repeated twice, and the four fractions containing the internal standards were obtained. The first solvent used was the upper layer of a mixture of 1-butanol, cone, ammoniumhydroxide, and water (6: 1 :2, v/v). The second solvent was the upper layer of a mixture of ethyl acetate, 1-propanol, and water (4: 1 :2, v/v). After development, the zones corresponding to the internal standards were scraped and eluted with 80%ethanol.
High performance liquid chromatography. A Shimadzu model LC-3A equipped with a UV detector (scanning wave length, 270nm) was used. The column (30cmx 7.8mm id.) was prepacked with Microbondapak C18
(Waters Associates, Inc., USA). Each ethanol eluate obtained above was evaporated to dryness, dissolved in a small volume of 50% methanol, and then injected into the column. The column was eluted with 50%methanol, and then 30%acetonitrile as the second solvent at a flow rate of 2ml per minute. Thirty percent methanol was used as the third solvent for the fractionation of RZ and Z, 60% methanol for the fractionation of iPA, and 40%methanol for the fractionation of iPG.
Trimethylsilylation. Each fraction of RZ, iPA, and iPG in a minivial was dried in vacuo over phosphorus pentoxide at 90°C for 30min. To the dry residues were added pyridine (70/^1), hexamethyldisilazane (20/A), and trimethylchlorosilane (10 fj\). The mixtures were heated at 120°C for 1 hr. The Z fraction in a minivial was dried over phosphorus pentoxide and silylated with a mixture of acetonitrile, bis(trimethylsilyl)acetamide, and trimethylchlorosilane (20: 10: 1, v/v) at 70°C for lOmin.
Selected ion monitoring.
A Shimadzu LKB 9000 gas chromatograph-mass spectrometer equipped with a multiple ion detector was used in the following conditions:
ionizing energy 20 eV, separating port temperature 280°C, and ion source temperature 290°C. OV-1 (1.5%) on silylated Chromosorb in a glass column (Imx3mm, id.) was used at 30ml helium per min. The column oven temperature was 245°C for RZ, 210°C for Z, 235°C for iPA, and 255°C for iPG.
RESULTS AND DISCUSSION
Z-d5, RZ-d5, and iPG-d6 synthesized here appear to be favorable internal standards, because virtually no d0 component was observed, and the deuterium contents were 96.2%, 96.8%, and 96.8%, respectively. Both RZ-d5
and Z-d5 were found to consist of the transisomer (92%) and ri-s-isomer (8%). Table I summarizes the amounts of deuterium-labeled standards added to the ethanol extracts of the plants, and the monitored ions used for quantitation. The internal standards addedto the extracts were recovered together with endogeneous cytokinins and purified by TLC. Each UV-absorbing band was further purified, and then isolated as a single peak by HPLC.In addition, the stereoisomers of Z were satisfactory separated by HPLC. Selected ion monitoring of the trimethylsilylated products of the purified fractions containing both internal standards and endogeneous cytokinins are presented in Fig. 1-4 . The identity of the peaks was confirmed by mass spectrometry. A isotope effect was observed on the retention times, namely the deuterium-labeled standards were eluted approximately five to ten seconds faster than endogeneous cytokinins as shown in the SIM chromatograms. Peak height ratios of the endogenous cytokinins to the standards were determined, and corrections for the unlabeled materials were made from a standard calibration curve. Table II presents the levels of The total level of endogenous cytokinins in the root is 2.5 times higher than that in the stem and leaf. The level ofiPG is the highest in both the root, and the stem and leaf. It should be noted that iPG shares 67% of the total cytokinin level in the root, while iPG in the stem and leaf shares 40%. The cytokinin activity of iPG measured by an Amaranthus betacyanin bioassay was approximately one thousandth of that of benzyladenine.
3) It seems, therefore, that iPG, which is biosynthesized in the root, moves to the stem and leaf, and converts to highly active compounds, such as RZ and Z, in each organ of the plant. It should also be noted that the ratios of the trans-to ds-isomers of Z in the root, and the stem and leaf were determined to be 10 and 2.4, respectively. Moreover, the ratio of the trans-to cw-isomers of RZin the stem and leaf is one, while the trans/cis ratio in the root is 3.5. Hashizume has already pointed out that the ratio of the trans-to m-isomers of RZ in the root was higher than that in the top of tobacco plant.10) These results supported the view that the variation in the trans/cis ratios of both Z and RZ may reflect the growth stage of the organ in the plant.11} Further investigations are in progress.
